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INTRODUCTION 


A  defense  system  model,  described  later,  leads  to  the 

formulation  of  a  class  of  matrices  with  parameters  n 

and  p,  and  with  elements  A.  ,  where 

x  j 


A 


i  l 


if  i < t 
if  id  j 


for  given  p  and  q  with  0Cp< 1  and  1  =  p+q .  When  i  *j, 

A—  represents  the  probability  of  j  failures  in  i 

Bernoulli  trials,  qiven  q,  the  probability  of  a  failure 
in  a  sinqle  trial.  For  simplicity,  this  class  of 
matrices  will  be  referred  to  as  type  <*  . 

For  type  >»  matrices,  we  establish  a  proof  of 
multiplicative  commutativity  by  the  diaqonal izat ion 
process  via  eigenvalues  and  eigenvectors.  In  doing  so, 
we  discover  the  intriguing  result  that  the  complete  set 
of  linearly  independent  eigenvectors  forms  a  lower 
triangular  matrix  whose  rows  are  those  ot  Pascal's 
triangle.  The  eigenvectors  are  independent  ot  p  and  g . 
Also,  we  show  that  the  class  of  matrices  of  type  a  is 
closed  under  matrix  multiplication. 


After  the  derivation  of  these  mathematical  results,  the 
rest  of  the  paper  is  devoted  to  the  explanation  of  the 
role  ot  type  ct  matrices  in  the  model,  and  to  the 
interpretation  of  the  mathematical  results  for  this 
mode l . 

MATH  PM  AT  IC  Ah  RESUt  ,TS 
Theorem  1 . 

For  any  positive  integer  n  ,  let  A  be  an  (n+1)  by  (n  +  1) 
matrix  of  type  <*  ,  with  p*0  ,  q'O  and  p+q  =  1  . 

Then  A  is  diagonal izable  with  A  =  SDS  '  ,  where 

D  =  Diaq  1 1,  q,  ...  ,  q11  j  and,  independent,  of  p  and  q, 

S  is  simply  a  lower  triangular  matrix  whose  rows 
coincide  with  those  of  Pascal's  triangle  (if  presented 
in  the  form  of  a  right  triangle). 

Proof . 

2  n 

Since  1,  q,  q“  ,  ...  ,  q  ,  with,  0  <  q  <  1  ,  are 
the  n+1  distinct  eigenvalues  of  matrix  A,  A  can  be 

diagonalized  to  D  =  piag  jl,  q,  ...  ,  qn.} 

Mathematical  induction  on  n  will  be  used  to  prove  AS=SD. 
Prom  here  on,  appropriate  subscripts  will  be  used  to 
indicate  sizes  of  matrices  under  investigation; 


therefore : 


n<J  A  s 
n  n 


^umi 


+  1 


D 

n  +  1 


-  S  f> 

M  ,  ;n '  “e“ant  to—  ».„* 
'*  “'oe,  multi 

1  1 1  on  yiei(js 


Since  A  S  S  n  ,  all  that  remains  to  show,  after 
n  n  n  n 

comparison  of  \  +  l‘%+1  with  sn+i°n  +  l*  is  that: 


. . n .  n  , n .  n- 1 
l  (  0  )  P  »  (  j  )  P  q  * 


,  n  , _ n-1 , . „  ,  ,  n .  ,  n  .  , n . 

•  >  (  ^  )  1X1  'n  *  q  0  *  l  f  •  •  •  * 


,  n  .  ,  ,  ,  n  .  ,  n . 

n  —  l  ~  f)  ’  ^  i )  q  * 


,  n  .  n- l 
■  n-l  ^ 


To  establish  the  equality,  we  first  expand  a  typical, 
say  (r+l)st,  term  of  the  R.H.S.  of  equation  1: 


1 


q  ( ,. )  •  where  r  =  0,  1,  2,  ...n-l, 


ql(j!)  =  qr(")  (P+q)n  1  since  p+q  =  l.  Expanding  (p+q)n  l: 


r,n..,n-r,  n-r  0  .  ,n-r.  n-r-1  1  ,  ,  n-r  .  1  n-r-1 


L  ,  I  t  ,  ,11  L  i  II  L  O  .  ,  II  »  \  II  V  M  *. 

q  ( r )  l  (  0  )  p  q  *  (  {  )  p  q  +  •  •  •  ( 


n-r-i 


,n-r,  0  n-r, 
*  n-r  ’  *  1 


r, ,n, ,n-r.  n-r  0  ,  .  n.,n-r.  n-r-1, 1 

q  l(r>(  o  )p  q  +  <r)(  j  )p  q  + 


. n , . n-r ,  0  n 
•  (  <  p  q 

r  n-r  1 


r,.n,.r.  n-r  0  .  .  n  wr+l.  n-r-1  1 

q  Ur)(r)p  q  +  ( r+1 ) (  r  )p  q  + 


for  k  <  n-r 


since  <")(n"' 


(  n  )(r*k) 

1  r+k  ' (  r  ’ ' 


Th  us , 


r 

q 


<;> 


has  the  following  expansion: 


r ,  n , 

>1  (r) 


. n.  .  r .  n-r  r 

"  ( r )  ( r )  p  q  + 


r+ 1 


. . r+1 .  n-r-1  r +1 

)<  r  )p  q 


.  n  .  ,  n .  0  n 
n  r  ^  q 


The  formation  of  the  L.H.S.  of  equation  l  indicates 
that  its  (r  +  l)s_t  term  is  the  sum  of  qn(")  and  a  dot 

product.  While  qn(”)  is  simply  the  (r+l)^t  element  in 

q11  ( (0) ,  (  ^ )  1  ,  the  dot  product  is  that  of  the 
first  n  elements  of  the  (n+1  )st  row  in  A  ,  and  the 
(r  +  l)s^t  column  in  ,  this  column  being  equal  to 

|0,...,0,  (r^),  (n/)]  .  After  expansion, 

the  dot  product  is  equal  to  (")  (£)pn“rqr  + 

, r+1 ,  n-r+l  r+1  ,  ,  ,  n  wn-l.  n-l  . 

(  r  )P  q  +  • • •  +  ( )(  ) pq  .  This  sum 

plus  qn ( ” )  is  indeed  identical  to  the  earlier  expan¬ 
sion  for  the  (r+l)£t  term  of  the  R.H.S.  of  equation  1. 
The  equality  An+isn+i  =  Sn+inn+l  *s  nOW  es t^hli shed , 
and  this  completes  the  proof. 
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Theorem  2 


Multiplicative  commutativity  holds  for 


square  matrices  of  type  ■»  . 

Proof.  Let  A  and  B  be  two  (n  +  l)  x  (n+l)  matrices  of 
type  a  .  Then,  by  Theorem  1,  A  and  B  can  be 

diagonalized  with  A  =  SPS  *  and  B  =  SB'S  *  where  D  and 
D*  are  diagonal  matrices  and  S  is  the  lower  triangular 
matrix  described  in  Theorem  1.  The  commutativity  of  A 
and  B  now  is  evident,  since: 


AB 


=  SDS~lSD'S-1  =  SDD'S-1  =  SD’DS"1  = 


BA  . 


We  comment  that  the  matrices  S  ,  with  i,  jth  element 


equal  to  (*),  are  seen  in  combinatoric  settings,  e.g.. 


reference  1,  page  45.  Reference  1  also  proves  that  the 
i,  ]tlh  element  of  S  *  is  given  by  ( -1 )  l  + ^  (  *  ) ,  so  that 
L 


is  obtained  directly  from  S  by  inserting  at 

appropriate  locations.  Hence,  the  spectral 
decomposition  of  can  be  written  down  almost  by 

l nspect ion,  i . e . , 


n+l 


“l^l  +  qH2-2  +  •••  +  q  -n+l-n+1 
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where  the  column  vector  u,  is  the  kth  column  of  S  ,, 

— k  —  n+1 

and  the  row  vector  v,  is  the  kth  row  of  S 

A  direct  verification  of  Theorem  2  is  instructive. 
Suppose  that  the  i,  j  t_h  element  of  A  is  (*)  q  ^  p^1  1 

i  k  l  -k 

and  the  j,  kth  clement  of  R  is  ( ^ )  q ^  p.,  '.  Then  the 

i,  kth  element  of  AB  is  given  by 


£ 

1  =  0 


,  i .  .  1 .  j  „  k  i- j  j-k 
( j} (k*  ql  q 2  p 1  p2 


k  ,  i-kv - v  j-k  „  i-j 


k)  (qlq2)  iC  (j-k}  (qlp2) 


(k)  (qlq2)k  (1  ~  qlq2) 


i-k 


wnere  we  have  used  the  identity  (*)  (^)  =  (yj  {*_£) 

and  recognized  the  binomial  expansion  of  (p^  +  q^pn) 
Clearly,  the  steps  remain  valid  with  q.  and  q0  inter 
changed,  and  the  commutativity  of  A  and  B  follows. 


i-k 
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Further  examination  of  the  proof  shows  that  we  have 


also  shown  that  the  class  of  matrices  of  type  is 
closed  under  matrix  multiplication.  More  precisely, 
Theorem  3.  If  A  and  B  are  matrices  of  type  a  of  the 
same  order  and  with  parameters  ,  respectively, 

then  AB  is  of  type  a  with  parameter  q^q9. 

Theorem  3  will  be  useful  for  providing  computational 
simplification  in  our  model. 

MODEL  DESCRIPTION 

The  foregoing  class  of  matrices  arise  in  the  context 
of  a  defense  system  model  in  which  a  cluster  of  n 
missiles  attempts  to  penetrate  several  lines  of 
defense.  The  number  of  missiles  surviving  the  first 
line  of  defense  is  Binomially  distributed  with 
parameters  n,  q^ ,  i.e.,  there  are  i  survivors  with 

probability  (^)q^1  PjP  ,  i=0 , 1, . . . ,n,  and  q  ^  =  1-pj 

Suppose  that  n^  missiles  survive  the  first  line  of 

defense.  We  assume  that  the  number  of  missiles 
surviving  the  second  line  of  defense  is  Binomially 
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distributed  w^th  parameters  Uj  ,  q.,,  and  etc.3 

In  short,  we  assume  that  the  lines  of  defense  are 
independent  and  produce  attrition  in  accordance  with  a 
Binomial  distribution  -  each  line  of  defense  having  its 
own  "success  probability"  p  and  associated 

K 


It  is  convenient  to  regard  the  missiles'  passage 
through  a  particular  line  of  defense  as  a  transition  in 


a  Markov  chain  i 

(  re f erence 

2). 

For 

example,  given  n  =  2 

and  Pj  =  O.b,  the  matrix 

bo  low 

is 

t.  h  e 

transition  matrix 

for  penetration 

of 

the  first  l 

i  no 

of  defense. 

Out 

0 

1 

2 

0 

1 

0 

0 

In  1 

.  6 

.4 

0 

2 

.  If) 

.48 

•  lb 

0 l t  is  a  standard  result  in  probability  theory  that 
if  the  the  random  variable  given  N,  is  distributed  as 

Binomial  with  parameters  N,p,  and  if  N  is  distributed  as 
Binomial  with  parameters  N*,p*,  then  the  unconditional 
distribution  of  X  is  Binomial  with  parameters  II*,  pp*. 

The  proof  is  virtually  identical  with  that  of  theorem 
Henpe  we  have  a  probabilistic  proof  that,  the  number 
of  survivors  of  the  second  lino  ol  defense  is  distributed 
as  Binomial  with  parameters  n,  and  an  induction 

argument  gives  the  general  result  for  several  lines  of 
defense. 
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_ J 


Thus,  if  2  missiles  cuter  this  line  of  defense,  the 
probability  th.it  l  missile  emerges  is  0.48.  We  see 
that  this  matrix  is  just  A}  defined  in  the  proceeding 
section  (with  p  Q.ti).  In  general  the  numhoi  ol 
incoming  missiles  might  be  .1  discrete  random  variable 
having  probability  distribution  T,  whereupon  the  number 
of  missiles  surviving  the  1  in*'  of  defense  is  found  by 
pie-multiplying  the  transition  matt  u  by  the  row  vectoi 
T.  In  our  lx  I  example,  if  the  probabilities  ol  having 
0,1,1  incoming  missiles  were  0,.r>,.5,  respectively, 
then  the  computation  would  be 


(0  .5  .  5 ) 


10  0 


,6  .4  0 


3ft  .48  .16 


(.48  .44  .08) 


so  that  the  probability  of  having  0,1,2  missiles 
penetrate  the  first  line  of  defense  would  be  .48,  .44, 
.08,  respectively.  This  resultant  vector  serves  as  the 
input  to  the  second  line  ol  defense,  and  by  successive 
such  vector-matrix  multiplications  the  probability  ol 
having  0,1,  or  2  missiles  penetrate  all  the  defenses 
can  be  calculated.  In  particular,  it  follows  that  it 


1  l 


there  arc  f.  levels  of  defense  and  the  transition  matrix 


for  each  level  is  the  matrix  A 3 ( k ) ,  k=l,2,...,L,  then 
the  distribution  of  the  number  of  penetrators  is  given 
by 

L 

(0  .5  .5)  II  A,(k ) 

k-1  J 


More  generally,  if  there  may  be  as  many  as  n-1  incoming 
missiles  then  the  vector  T  will  need  to  have  n  ele¬ 
ments  and  the  transition  matrices  will  have  to  be  of 
size  n  x  n.  The  reader  should  verify  that  the  transi¬ 
tion  matrices  for  this  general  case  are  precisely  the 
matrices  An  defined  in  the  previous  section,  with  p  = 
as  appropriate.  Thus,  we  have  a  Markov  chain  in 

discrete  time  which  is  not  time-homogeneous,  i.e.,  the 
transition  matrices  are  not  identical,  and  for  which  - 
as  we  shall  see  -  closed  form  results  are  available. 

DISCUSSION  AND  CONCLUSIONS 

A  non-trivial  question  is  "Does  the  ordering  of  the 
lines  of  defense  make  any  difference?".  Mathe¬ 
matically,  this  is  the  same  as  asking  if  the  ordering 
of  the  An(k)  makes  any  difference  in  evaluating  the 


product  7TAn(k)  .  It  is  well  known  that  matrix 
multiplication  is  non-commutat ive  in  general,  and  since 
the  An(k)  matrices  will  not  usually  be  identical 
(unless  the  p^'s  are  identical)  it  is  not  obvious 
mathematically  that  these  matrices  will  commute. 

However,  the  results  in  the  previous  section  show  that 
the  An(k)  matrices  do  commute  and  the  ordering  of  the 
lines  of  defense  makes  no  difference  in  this  model. 

The  naive  approach  to  evaluating  the  product  "fT  An(k) 
is  to  do  it  by  brute  force,  performing  the  indicated 
matrix  multiplications  one  at  a  time.  A  more 
sophisticated  approach  is  to  use  theorem  1  and 

recognize  that  the  product  can  be  written  as  SDS  ^ 
where  D  is  the  diagonal  matrix  whose  ijth  diagonal  entry 

is  llq^,1,  requiring  only  two  matrix  multiplications.  A 

still  more  sophisticated  approach  involves  theorem  3, 
seeing  that  the  product  can  be  written  down  immediately 
using  no  matrix  multiplications  at  all.  This  illustrates 
the  practical  utility  of  increased  mathematical  insight, 
in  analysis  of  our  model. 


Finally,  we  observe  that  our  results  for  this  model  find 
application  in  a  more  general  setting.  For  example, 
instead  of  missiles  let  the  survivors  be  ships  in  a  task 
force,  and  instead  of  levels  of  defense  let  the 
attrition  occur  because  of  a  sequence  of  attacks  on  the 
task  force.  Intuitively,  one  feels  that  an  optimal 
defense  should  be  insensitive  to  the  sequencing  of 
attacks,  even  in  elaborate  models,  so  that  there  is  some 
possibility  of  the  kind  of  computational  simplifications 
that  we  have  seen  in  our  simple  model. 
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Tha  Cuban  Aimed  Force*  mi  Africa  and  the  Middle 
Catt  Sap  1977  16  pp  AO  A049  299 

99  200 

Rower*  Puce  F  The  United  State*  Navy.  “  40 
pp  Dec  1977  (To  be  published  m  a  chapter  mi  The 
U  S  War  Machine  by  Salamander  Book*  mi  (npand 
dun 1979)  AO  A049  109 

99  201 

Dutch  William  J  “The  Cuban  Military  mi  Africa 
and  The  Middle  Ian  From  Alprw  to  Angola 
Sap  1977  97  pp  AD  A046  976 

99  202 

Feldman  Raul  Why  Raprlation  Doeant  Work 
(Reprinted  from  Tey-hn'ftipre'  OWnff  and  ihHfem 
<n  rh#  *ep<wmr  indutnm  and  Reiww  of  Jive 
Vol  XXIX  March.  1971  No  1  I  Sap 

1977  S  pp 
F9  203 

Feldman  Raul  Efficiency  Dwtnbution.  mid  tha 
Role  of  Government  m  a  Market  Economy  (Re 
printed  from  Th#  .tym *  o*  N»*hcef 
Vol  79  No  3.  May  Juna  1971  I  Sap  1977  19  pp. 
AD  A046  9  76 
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Nhi(  Oipfomacy  «nd  The  lulk  Flee  t  A  He 
•MX*. Mi  On  1977  Mw  *D  AMT  236 

99  209 

Code.  Russell  C  A  febfco metric  I  •emulation  of 
the  $4u«(  Root  Theory  of  Scientific  Publication 
Productivity  (Presented  el  the  annuel  meetup  of 
the  A  met  icen  Society  fo*  Infer  met  ion  Science 
Ch*a*>  lltmioi  29  September  1977  I  Oct  1977  6 
PP  AO  AM?  237 

99  209 

McConnell  James  M  Strategy  end  Mintons  of  the 
Soviet  New  m  the  Veer  2000  49  pp  No.  197  7 

(Prevented  at  e  Conference  on  Problems  of  See 
Power  it  ere  Approve*  the  2 lit  Century  sponsored 
9y  the  Amerieen  Enterprise  Inetttute  for  PuMk 
Policy  Reeeerch.  9  October  1977  end  subsequently 
published  *n  a  collection  of  paper  t  by  the  Inat* 
bite)  A0  A047  244 

99  207 

Goldberg.  Lawrence  Cost  Effectiveness  of  9o 
tenttel  Federal  Policies  Affecting  Reeeerch  A 
Development  Expenditure*  in  the  Auto  Steel  end 
Food  Industries.  39  pp  Oct  1977  (Prevented  at 
Southern  Economic  Association  Meetings  beginning 
2  November  1977) 

99  209 

Roberts.  Stephen  $  The  Decline  of  the  Oversees 
Station  Fleets  The  United  States  Asiatic  Fleet  end 
the  Shanghai  Crisis  1932  18  pp  Nov  1977  IRe 

printed  from  The  American  Neptune  Vo! 
XXXVII  No  3  July  1977)  AD  A04 7  246 

99  209  Classified 
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X easing  Os. id  Protecting  The  Fleet  40  pp  Dec 
1977  (Prepared  for  the  American  Enterprise  Intti 
tut#  Conference  on  Problems  of  See  Power  as  hr 
Approach  the  21st  Century  October  9  7,  1977) 

AO  AM9  109 

PP  211 

Miffthi  Maurice  M  On  Approximating  the  Circu 
let  Coverage  Function  14  pp  Feb  1978 

PP  212 

Mangel  Merc.  On  Singular  Characteristic  Initial 
Value  Problems  with  Unique  Solutions  20  pp 
Jun  1978  (To  be  submitted  for  publication  m 
Journal  of  Mathematical  Analysis  end  It*  Appi.es 
tions) 

99  213 

Mangel  Merc.  Fluctuations  in  Systems  with  Multi 
pte  Steady  States  Application  to  lenchester  I  qua 
Hons.''  12  pp..  Fab  78.  (Presented  at  the  First 
Annuel  Workshop  on  the  Information  linkage  Re 
tween  Applied  Mathematics  end  Industry  Navel  PG 
School  Feb  23  25  1978) 

99  214 

Weinlend.  Robert  G.A  Somewhat  Different  View 
of  The  Optimal  Navel  Posture  37  pp  Jun  1978 
(Preeented  at  the  1979  Convention  of  the  American 
Political  Science  Association  (APSA/IUS  Panel  on 
"Changing  Strategic  Requirements  and  Military 
Posture")  Chicago  III  .  September  7  1979* 


PP  215 

CoS  a  Russell  C  Comments  on  PnrHiplm  of  In 
for 'notion  Hen-foi  by  Men f red  Kochen  10  pp 
Me*  79  Published  es  a  line  to  the  Editor 
Journei  of  Documentation  Vol  31  No  4  pages 
298  301  December  19751 

PP  716 

Code  Russell  C.  lotkei  Frequency  Distribution 
of  Scientific  Productivity  18  pp  Feb  1978  (Pub 
1 1 shed  in  the  Journal  of  the  American  Society  for 
Information  Science  Vui  28  No  6  pp  399  170 
November  1977) 

PP  71? 

Code  Russell  C  Bibliometric  Studies  of  Scientific 
Productivity  17  pp  Mei  78  (Presented  at  the 
Annuel  meeting  of  the  American  Society  for  In 
formation  Science  held  in  Sen  Frenosoo  California 
October  1979  > 

PP  718  Claesified 

PP  219 

Huntimger  R  laVsr  Market  Analysis  with 
Rational  iapectetions  Theory  end  Estimation  90 
pp  Apr  79  (To  be  submitted  tor  publication  m 
Journei  of  f  co  no  met  net  I 

PP  220 

Maurer  Donald  E  Diegoneliiatron  by  Group 
Matrices  76  pp  Apr  78 

PP  771 

Mainland  Robert  G  Superpower  Navel  Diplo 
mecy  in  the  October  1973  Arab  Israeli  War  76 
pp  Jun  1978 

PP  222 

Mitrehi  Maurice  M  Correspondence  Rules  end 
Path  Integrals  30  pp  Jun  1978  (Invited  paper 
presented  at  tha  CNRS  meeting  on  'Mathematical 
Problems  m  Feynman  i  Path  Integrals  Men  till. 
France  May  77  79  1978) 

PP  223 

Mangel  Merc.  "Stochastic  Mechanics  of  Molecule 
Ion  Molecule  Reactions  21  pp  Jun  1g?8  (To  be 
submitted  for  publication  m  Journal  of  Mathe 
metical  Physics) 

PP  274 

Mangel  Merc  Aggregation  Bifurcation  and 
Extinction  In  Exploited  Animal  Populations*  48 
pp  Mar  1978  (To  be  submitted  for  publication  m 
Amancen  Naturalist) 

'Portions  of  fh'S  norx  rtWf  ItsrtSd  St  the  Institute 
of  Applied  WerhemefTi  snd  Statistics  Un,versitv  o * 
8'it'th  Coin  mbs  Veivoiyypr  B  C  Csnsds 

PP  225 

Mangel  Merc  Oscillations  Fluctuations  end  tha 
Hopf  Bifurcation*  43  pp  Jun  1978 

'Porhons  of  thn  wor#  nv*r  I'Ompteted  st  the 
Institute  of  Applied  Msthsrnatics  snd  StstiStiCS 
University  of  8’itith  CohimbiS  Vancouver  iVvtM 

PP  229 

Ralston  J  M  and  J  W  Mann*  'Temperature  and 
Current  Dependence  of  Degradation  in  Red 
Emitting  GeP  LEDs  34  pp  Jun  1978 


PP  727 

Mangel  Merc  Uniform  Treatment  of  F tocluetioni 
at  Critical  Points  50  pp  May  1978  (To  be  sub 
muted  fot  publication  in  Journal  of  Statistical 
Physics) 

PP  278 

Mangel  Merc  '  Relaxation  at  Critical  Points 
Deterministic  end  Stochastic  Theory  54  pp  Jun 
1978  (To  be  submitted  for  publication  m  Journal 
of  Mathematic  el  Physics) 

PP  729 

Mangel  Merc.  Diffusion  Theory  of  Reaction 

Rates  I  Formulation  end  Einstein  Smoluchowski 
Approximation  50  pp  Jan  1978 

PP  230 

Mangel.  Merc.  "Diffusion  Theory  of  Reaction 

Rates.  II  Ornsteirv Uhlenbeck  Approximation  34 
pp  Feb  1978 

PP  231 

Wilson  Desmond  P  J»  Navel  Protection  Forces 
The  Case  for  •  Responsive  MAF  Aug  1978 

PP  237 

Jacobson  Louis  Can  Policy  Changes  be  Made 
Acceptable  to  Labor v'  Aug  1978  (To  be  submitted 
for  publication  in  Industrial  and  Labor  Relation* 
Review) 

PP  233 

Jacobson  Louis  "An  Alternative  Explanation  of 
the  Cyclical  Pattern  of  Quitt.  23  pp  Sap  1978 

PP  234 

Jondrow  Jama*  and  Levy.  Robert  A  Does 
Federal  Expenditure  Displace  State  end  Local  Ex 
pendituie  The  Case  of  Construction  Grants  18 
pp  Oct  1978  (To  be  submitted  for  publication  in 
Journal  of  Public  Economics) 

PP  735 

Murahi  Maurice  M  he  Semiclessrcel  Expension  of 
the  Anhermomc  Oscillator  Propagator  41  pp  Oct 
1978  (To  appear  in  the  Journal  of  Mathematical 
Physics) 

PP  237 

Maurei  Donald  A  Matrix  Criterion  for  Normal 
Integral  Base*  10  pp  Jen  1979 

PP  238 

Utgoff.  Kathleen  Classen  "Unemployment  In¬ 
surance  end  The  Employment  Rate  20  pp  ,  Oct 


PP  239 

Trost.  R  P  end  Werner  J  T  .  "The  Effects  of 
Military  Occupational  Training  on  Civilian  Earnings 
An  Income  Selectivity  Approach."'  39  pp .  Nov 
1979  (To  b#  submitted  for  publication  in  Rev»e w 

of  Economics  snd  Ststisticsl 

PP  240 

Powers.  Bruce  Goals  of  the  Center  for  Naval 
Analyses.  13  pp  Dec  1979 

PP  241 

Mangel.  Marc.  "Fluctuations  at  Chemical  Instabili 
tits,  24  pp  Dec  1979  (Published  in  Journei  of 
Chemical  Physics  Vol  99  No  8.  Oct  16.  19791 
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Submit  tad  for  pnltiMlwn  *n  Tha  Journal  o»  If 
rapruduobta  8#*uh*l 
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Sh«.  man  Allan  and  No«oaiU  S  Unlay  A  Mam* 
nanoa  Com  i>*  Compta*  t^.pmfni  JO  pp  Dac 
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Simmon  WiHi*m  H  Th«  Accalaromatar  Mirfiotft 
ot  Obtaining  Aircraft  Nilo«m<n«  horn  Ftiffit  T mi 
D«la  .Dynamic  Par lo*m*n«  Taatmfl  40 J  pp  Jun 

ItTt 

»P  24t 

T Nom« i  Ja  n»i  A  >  T ha  Transport  Piopartta* 
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Olaaaaf  A  anna  l  N  S  A  S«crfU*i  Probtam  anth  a 
Random  Mumba>  ot  Chotcat  23  pp  Mai  ItTt 
iSubminad  to*  publication  in  Journal  ot  Iha  A  mar* 
can  Statistical  Aitociationi 

PP  250 

Manpai  Marc  fttodatmf  f  loc  tuition*  m  Macro 
toopK  Syilfim  2t  pp  Jun  ItTt 

PP  251 

Trent  Hobart  P  TN*  estimation  and  Intatpiata 
t*on  of  Sasaral  Salact*«<t>  Modal*  3T  pp  Jun 
ItTt 

PP  252 

Nunn  W  altar  fl  Position  f  tndtnf  mth  Prior 
Knowriadpa  of  Covaitanca  Paiamatart  5  pp  Jun 
ItTt 
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Gta«»a»  Aannath  S  Tha  rt  Chore  a  Sact  alary  Plob 
lam  32  pp  Jun  19T9 
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Manpai  Marc  and  Ouanback  Oa**d  R  In  taxation 
ot  a  Riyanata  Normal  Osar  an  OtSat  Cucta  14 
pp  Jun  l9Tt 
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Thalar  H  discounting  and  Fiscal  Comtramt* 
Why  Dttoountmf  n  Almayi  Ri#»t  “  10  pp  Au« 
ItTt 
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Man  pal  Marc  $  and  T  ho  mat  Jama*  A  Jr  Ana 
lytical  Method*  in  Saarch  Theory  M  pp  Nov 

ItTt 

PP  25t 

Glaaa  da* id  V  H*u  lh  Chm#  Nunn.  Waiter  R 
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mi tt ad  for  publication  m  Oparation*  Research) 

PP  2t0 

Man  pa!  Ma»c  S  and  Cop*  da**d  A  .  Detection 
Rata  and  Sweep  Width  m  Visual  Saarch  14  pp 
No*  ItTt 
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Vita  Carlo*  l  2*«iac  Da**  J  and  Rom  John 
ftancfc  Condon  Thao**  o*  Chemical  Dynamic*  VI 
Anpular  Distribution*  of  Raaction  Product*  14 
pp  No*  ItTt  I  Reprinted  from  Journal  Cham 
Phys  TOt  12)  15  Jun  ItTtl 
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Pa  tar  tan  Char  la*  C  .  Third  World  Military  lltta*  in 
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mi t tad  tor  publication  in  "ijprnafKl via/  Smrun ry ) 
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